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CLAIMS 

1. Procedure to obtain on a substrate a homogeneous boron nitride coating, characterized by the fact that a 
layer of non-volatile or weakly volatile borazine derivative is applied onto a substrate and this substrate is 
then heated to pyrolyse the layer and convert it to BN with hydrogen evolution. 

2. Procedure according to Claim 1, characterized by the fact that the substrate is heated at 600 - 800T to 
obtain BN with a corrosion resistant amorphous structure. 

3. Procedure according to Claim 2. characterized by the fact that the amorphous BN layer is then heated at 
1100 - 1300**C, to convert it to hexagonal BN. 

4. Procedure according to Claim 1, characterized by the fact diat the borazine derivative is an oligomer of 
the latter, which is solid at an ambient temperature. 

5. Procedure according to Claim 4, characterized by the fact that the oligomer is a dimer selected among 
the biborazinyl and the borazanaphthalene or a mixture of them. 

6. Procedure according to Claim 1, characterized by the fact that, in order to perform the application, the 
substrate is immersed in a solution of the borazmic compound(s) so that a layer of this solution is fonned on 
the surface of the substrate, then the solvent is evaporated from it in order to form a fdm of solid borazinic 
compounds on the surface of this substrate. 

7. Procedure according to Claim 1, characterized by the fact that the solution of borazinic compound(s) is 
sprayed over the substrate maintained at a temperature high enough to cause the evaporation of the solvent 
and to form on the surface of the substrate a thin film of solid borazinic compounds. 

8. Procedure according to Claim 6, characterized by the fact that for said solution is used an organic 
solvent selected among the high-aromatic solvents, such as benzene, toluene, xylene, etc., ethers such as 
tetrahydrofurane, dioxane, diglyme, and chlorinated solvents such as CHCI3, CH2CI2, trichloroethylene, etc. 

9. Procedure according to Claim 8. characterized by the fact that the concentration by weight of the 
borazinic compounds in the solution is 1 to 50%. 

10. Procedure according to Claim 2, characterized by the fact that over the substrate is directed, by 
sweeping according to a previously established pattern, an energetic or laser beam, a beam of electrons or 
ions, in order to produce on the affected area a local heating that converts the borazinic fihn into BN, and 
then to dissolve with a solvent the non transformed borazinic derivative, while the substrate keeps on the 
surface an area covered by boron nitride according to the original design. 



DESCRIPTION 

The subject of the present invention is a procedure to form, on a substrate, a boron nitride film resistant to 
corrosion by chemical and atmospheric agents. This non-conductive hard film, resistant to high 
temperatures in the air, acts as a protective coating for a large variety of substrates, preferably metal or 
mineral. 

Numerous techniques to perform such a deposit are known from the state of the art. 

It can be obtained by thermal decomposition of mixtures of BCI3 and NH3 (G. Male et al, Laboratoires des 
Ultra-R6fractaires du CNRS, F. 66120 Font-Romeu, 1979) and of hexachloroborazine in vapor phase [G. 
Constant et al, J. of the Less-Common Metals 82 (1981), pp. 1 13-1 18]. Diborane and ammonia can also be 
made to react in vapor phase (H.O Pierson et al. Proceedings of the Seventh Intemat. Conf. on CVD, The 
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Electrochemical Soc. Softbound Proceedings Series, Princeton, NJ. (1979), USA; US-A-4, 118, 211; as 
well as boron and nitrogen compounds such as trifluorotrimethylaminoborane and 
dibromodipropylamineborane [E.A. Balabanova et aL Russian J. of Inorg. Chem. 25 (7), 1980, English 
translation, pp. 995-996.]. Decomposition of borazine was also performed in vapor stage [A.C. Adams, J. 
Electrochem. Soc., 128 (1981), pp.1378-1379] or in plasma stage [S. Shanfield et aL, G. Vac. Sci. TechnoL 
Al (2), April-June 1983. pp.323-324]. 

The BN films may be useful as dielectrics in microelectroiiics, as corrosion protection for chemical 
equipment, and as reinforcement and protection for glass or ceramic fibers used in telecommunications and-^ ^ -v 
composite materials. 

The various above-mentioned preparation techniques show disadvantages connected to the instability of the 
starting materials and to the obligation to work in vapor phase under well controlled conditions that require 
the use of refractory reaction cells heated at a hi^ temperature and of relatively complicated reactant 
vaporization equipment. Therefore, it was desirable to have a simplified procedure where a stable enough 
boron and nitrogen compound is allowed to react in order to be direcdy applied over the object to be coated, 
which is then simply heated at a temperature that is sufficient to cause the pyrolytic decomposition of said 
compound in a homogeneous layer that resists boron nitride corrosion. 

Such a procedure is defined in Claim 1. Monomeric borazine is a liquid at ambient temperature and its 
vapor pressure is high. As a consequence, the liquid borazine film obtained on a substrate by immersion 
evaporates before the pyrolyse temperature is reached, even in autoclave; the product losses are too 
in:q)ortant to make this technique usable. On the contrary, by using a solid and little volatile derivative of 
borazme, for example an oligomer such as biborazmyl or borazanaphdialene, or mixtures of these 
substances, this disadvantage no longer exists. 

In order, to prepare such derivatives of bonmne, it can be irradiated in vapor phase by means of an actinic 

source [M.A. Ness et aL, J.A.C.S. 94 (1972), p. 1438], which causes the formation of various oligomers 

besides the above mentioned dimers. Borazine can also be polymerized by heat (see A. Laubengayer et 

aL,), All these substances can be used in the present invention, if they are soluble in volatile organic 

mediunt Alkylated derivatives of these oligomers can also be used [see G.A. Kline et aL, Inorg. Chem. 16 
(1977), p. 11]. 

Jn addition, the present inventor also found that the borazine oligomers can be prepared by exposure of 
liquid borazme, with the usefiil exposure in the visible and UV range. Traces of transition metals (Cr, Fe, 
Mo, W, etc.) can catalyze such a reaction. 

For the implementation of the present invention, the following procedure is preferably used: a solution is 
prepared from the solid borazinic compound(s) in a neutral organic solvent, for example benzene, toluene, 
dioxane, THF, etc. and the coated object is immersed in this solution. This technique shows the 
considerable advantage of making all die elements on the surface of the object considered accessible for 
coating, even if they are hard to reach by gaseous reagents in case the usual coating techniques are applied. 
The object is then withdrawn from the solution and after draining, the solvent is allowed to evaporate, 
which leaves a thin film of the solid borazinic derivative on the surface of the object. There can be any 
concentration of borazinic derivative in the solution; the higher it is, the thicker the film obtained by 
evaporation. Practically, any concentration between 5 and 50% is suitable. 

The object is then heated in a protective atmosphere furnace, for example with nitrogen or argon at 
sufficient temperature to cause the pyrolysis of the deposit and its conversion to BN with hydrogen 
evolution. This temperature is preferably between 600 and 800°C, which leads to a homogeneous 
amorphous deposit, resistant to corrosion by humidity and the usual corrosive chemical agents (HF, mineral 
and organic acids, alkaline hydroxides, NH3, etc.). 

Since the borazinic layer is very thin (on the order of a few jim to 500 jim). its pyrolytic decomposition is 
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very fast and only lasts between a few seconds and a few minutes (for example 10 sec. to 10 min.). 
Therefore, it is applicable both for a discontinuous and a continuous process during which the object (a tape, 
a filament or a series of objects arranged on a conveyor) is successively immersed in the solution, dried and 
heated by passage in a furnace at the selected temperature (everything being in inert atmosphere). 

The amorphous deposit obtained at approximately 600 - SOO^'C can be crystallized by heating at a higher 
temperature: for example at approx. 1100 - 1300°C it is converted to hexagonal BN which, because of its 
structure, shows properties that are different from those of the amorphous layer, but which ar^ also 
interesting from the industrial point of view. 

Among the metal and mineral substrates that are suitable for the implementation of the present invention 
one can mention articles with a surface made of a metal such as Ti, Mo, Fe, Mn, Cr, Co, Ni and other usuai 
metals. On more noble metals, such as Cu, Ag, Au, Pt, Pd, etc., the application of the procedure is also 
possible, but the adherence is less satisfactory. As mineral substrates, one can mention AI2O3, SiOa, Zr02 
glass, sandstone, ceramics, hard metals, metal borides. carbides and nitrides, etc. 

The examples below illustrate the invention in detail. 

Example 1: 

In a standard quartz container were placed, under nitrogen protection, 100 g of liquid borazine that had been 
submitted to exposure to sunlight. After a few days, nitrogen distillation was performed, which supplied 26 
g of non-distillable solid, the volatile portion being the borazine. This solid comprised a mixture of 
borazanaphthalene, biborazinyle and a low quantity of oUgomers with hidier molecular weidit, whose 
structure was not determined. 

Similar results were obtained by shorter exposure to a UV lamp that supplied a flow of 20 W/cm at a 
distance of 30 cm. In the presence of traces of transition metal compounds, the oligomerization time was 
shortened even more. 

Example 2: 

25 g of the solid obtained as described above were dissolved under nitrogen protection in 150 ml of dry 
benzene, and in this solution was immersed a bundle of approximately 20 g of alumina fibers with a 
diameter of 20 - 40 \xm. This hank was removed from the solution and nitrogen-dried at 30 - 40'*C until the 
solvent disappeared completely. 

ITiese fibers covered with a thin film of solid borazinic compounds were then rapidly heated at SOO^C m 
nitrogen atmosphere, in an electric fiimace. After a few minutes at this temperature, the hank was removed 
and the presence of a homogeneous film of amorphous boron nitride was observed on the fibers after SEM 
analysis. The thickness of this film was approximately 0.5 ^m. By repeating this example with solutions of 
borazmic derivative having a concentration that varied between 2 and 35% per weight, similar fihns were 
obtamed, with a thickness between 0.1 and 2 fim. Similar results were obtained on other substrates, for 
example fibers or wires made of Si02, Fe, Ni. 

By heating at 1250°C, the amorphous coating of part of these fibers was converted to adherent, insulating, 
non-porous hexagonal boron. 

Example 3: 

Under nitrogen protection, 25 g of borazinic solid were dissolved, as obtained per the description m 
Example 1, in 150 ml of dry toluene and in this solution was immersed continuously a silica optic fiber 
which was then dried under dry nitrogen at 60 - 80*^0, until the solvent was completely eliminated. The 
surface of the fiber covered with a thin film of solid borazinic compounds was then rapidly heated at a 
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temperature between 600 and 800'*C. A protective film of amorphous boron nitride and having a thickness 
on the order of 0.4 micron was obtained. This layer ensures protection against reagents, in particular against 
water, taking into consideration the hydrophile character of the layer. The layer also ensures a mechanical 
protection and gives the fiber a low coefficient of friction, which is very important for the manufacture of 
optic transmission cables. 

Example 4: 

Under nitrogen protection, 20 g of the solid were dissolved, as obtained per the description in Example 1, in 
trichloroethylene. This solution was gun-sprayed over the surface of a glass plate (a metal or ceramic 
surface could also be used) maintained at 80°C. After complete disappearance of the solvent, there 
remained on the surface a thin film of solid borazinic compounds. The substrate was then heated at 
temperatures between 600 and 800^C and a layer of amorphous silica nitride was thus obtained. 

By heating at 1250°C, the amorphous coating was converted to adherent, insulating, non-porous hexagonal 
boron. 

Example 5: 

The same procedure as in Example 4 was followed, but instead of heating the entire substrate at a high 
temperature, a laser beam was directed over one portion of the latter, so that it only heated locally the fine 
film of solid borazinic compounds that covered it. A beam of electrons or ions can also be used. Thus was 
obtained, locally, a layer of adherent, insulating, non-porous hexagonal boron nitride. By immersing, under 
protective atmosphere, the substrate in the solvent used to dissolve the borazine oligomer, the layer of 
bora2inic compounds that were not transformed in BN by the laser beam was eliminated. Using this 
technique, on the substrate was deposited a layer of adherent, insulating, non-porous hexagonal boron in the 
shape of an area of pre-established defined design. This technique can be also applied to metal, glass, 
ceramic and other substrates. As a consequence, this technique is of great interest in the field of electronic 
microcircuit manufacture. 
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CLAIMS 

1 . Procedure to obtain on a substrate a homogeneous boron nitride coating, characterized by the fact that a 
layer of non-volatile or weakly volatile borazine derivative is applied onto a substrate and tiiis substrate is 
then heated to pyrolyse the layer and convert it to BN with hydrogen evolution. 

2. Procedure according to Claim 1 « characterized by the fact that the substrate is heated at 600 • SOO^'C to 
obtain BN with a corrosion resistant amorphous structure. 

3. Procedure according to Claim 2, characterized by the fact that the amorphous BN layer is then heated ai 
1100 - laOC^C. to convert it to hexagonal BR 

4. Procedure according to Claim 1, characterized by the fact that the borazine derivative is an oligomer of 
the latter, which is solid at an ambient temperature. 

5. Procedure according to Claim 4, characterized by the fact that the oligomer is a dimer selected among 
the biborazinyl 2nd the borazanaphthdene or a naixture of them. 

6. Procedure according to Claim 1, characterized by the fact that, in (M'der to perform the application, the 
substrate is immersed in a solution of the boraztnic compound(s) so that a layer of this solution is formed on 
the surface of the substrate, then the solvent is evaporated from it in order to form a film of solid borazinic 
compounds on the surface of this substrate. 

7. Procedure according to Claim 1, characterized by the fact that the solution of borazinic compound(s) is 
sprayed over the substrate maintained at a temperature high enough to cause the evaporation of the solvent 
and to form on the surface of the substrate a thin film of solid borazinic compounds. 

8. Procedure according to Claim 6, characterized by the fact that for said solution is used an organic 
solvent selected among the high-aromatic solvents, such as benzene, toluene, xylene, etc., ethers such as 
tetrahydrofurane, dioxane, diglyme, and chlorinated solvents siich as CHQa, CH2CI2, trichloroethylene, etc. 

9. Procedure according to Claim 8, characterized by the fact that the concentration by weight of the 
borazbic compounds in the solution is 1 to 50%. 

10. Procedure according to Claim 2, characterized by the fact that over the substrate is directed, by 
sweeping according to a previously established pattern, an energetic or laser beam, a beam of electrons or 
ions, in order to produce on the affected area a local heating that converts the borazinic film into BN, and 
then to dissolve with a solvent the non transformed borazinic derivative, while the substrate keeps on the 
surface an area covered by boron nitride according to the original design. 



DESCRIPTION 

The subject of the present invention is a procedure to form, on a substrate, a boron nitride film resistant to 
conrosion by chemical and atmospheric agents. This nonrconductive hard film, resistant to high 
temperatures in the air, acts as a protective coating for a large variety of substrates, preferably metal or 
mineral 

Numerous techniques to perform such a deposit are known irom the state of the art 

It can be obtained by thermal decomposition of mixtures of BQ3 and NHa (G. Male et aL Laboratoires des 
Ultra-Refiractaires du CNRS, R 66120 Font-Romeu, 1979) and of hexachloroborazine in vapor phase [G. 
Constant et a/.. J. of the Less-Common Metals 82 (1981), pp. 113-118]. Diborane and ammonia can also be 
made to react in vapor phase (H.0 Pierson et <»/.. Proceedings of the Seventh Litemat Conf. on CVD, The 
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Electrochemical Soc. Sofkbound Proceedings Series, Princeton, N J. (1979), USA; US-A-4, 118, 211; as 
well as boron and nitrogen compounds sucli as trifluorbtiimethylaminoborane and 
dibromodipropylaroinebonme [E.A. Balabanova et aL\ Ru^ssian J. of Inorg. Ghent 25 (7), 1980» English 
ti-ansiation, pp. 995-996.]; Decomposition of borazine was also performed in vapor stage [A.C. Adams, J. 
ElectrochenL Soc., /28 (1981), pp.1378-13791 or in plasma stage [S. Shanfield et al., G. Vac. Sci. TechnoL 
AI (2), AprU-June 1983, pp.323'324J. 

The BN films may be useftil as dielectrics in microelectronics, as corrosion protection for chemical 
equipment, and as reinfotcement and protection for glass or ceramic fibers wed in telecommunications and 
composite materials. 

The various above-mentioned preparation techniques show disadvantages connected to the instability of the 
starting materials and to the obligation to work in vapor phase under well controlled conditions that require 
the use of refractory reaction cells heated at a hign temperature and of relatively complicated reactant 
vaporization equipment. Therefore, it was desirable to have a simplified procedure where a st^Ie enough 
boron and nitrogen compound is allowed to react in order to be directly applied over the object to be coatt^ 
which is then siniply heated at a temperature that is sufftcieht to cause the pyrolytic decomposition of said 
compound in a homogeneous layer that resists boron nitride corrosion. 

Sxich a procedure is denned in Claim 1. Monomeric borazine is a liquid at ambient temperature and its 
vapor pressure is high. As a consequence, the liquid borazine film obtained on a substrate by immersion 
evaporates before the pyrolyse cemperatiire is reached, even in autoclave; the product losses are too 
important to make this technique usable. On the contraiy* by using a solid and little volatile derivative of 
borazine, for example an oligomer such as biborazinyl or borazanaphthalene, or mixtures of these 
substances, this disadvantage no longer exists. 

In order to prepare such derivatives of borazine, it can be irradiated in vapor phase by means of an actinic 
source [MA, Ness et al, JA.C.S. 94 (1972), p. 1438], which causes the formation of various oligomers 
besides the above mentioned dimers. Borazine can also be polymerized by heat (see A. Laubengayer et 
alX All these substances can be used in die present invention, if they are soluble in volatile organic 
medium. Alkylated derivatives of these oligoniers can also be used [see G.A. Kline et aL, Inorg. Chem. 16 
(1977), p. llj. 

In addition, the present inventor also found that the borazine oligoniers can be prepared by exposure of 

Suid borazine, with the aseful exposure in the visible and UV range. Traces of transition metals (Cr, Fe, 
3, W, etc.) can cataly;^ such a ration. 

For the implementation of the present invention, the following procedure is preferably used: a soludon is 
prepared fh>m the solid borazinic compound(s) in a neutml organic solvent, for example benzene, toluene, 
dioxane, THF, etc. and the coated object is immersed in this solution. This technique shows the 
consideroble advantage of making all the elements on the surface of the object considered accessible for 
coating, even if they are hard to reach by gaseous reagents in case the usual coating techniques aie applied. 
The object is then withdrawn from the solution and after draining, the solvent is allowed to evaporate, 
which leaves a thin film of the solid borazinic derivative on the surface of tihe object There can be any 
concentration of borazinic derivative in the solution; the hi^er it is, the tiiicker the film obtained by 
evaporation. PractlcaUy, any concentration between 5 and 50% is suitable. 

The object is then heated in a protective atmosphere furnace, for example with nitrogen or argon at 
sufficient temperature to cause the pyrolysis of the deposit and its conversion to BN with hydrogen 
evolution. This temperature is preferably between 600 and 800X. which leads to a homogeneous 
amorphous de^ii, resistant to corrosion by humidity and the usual corrosive chemical agents (HF, mineral 
and organic acids, alkaline hydroxides, NH3. etc.). 

Since the borazinic layer is very thin (on the order of a few jim to 500 ixm), its pyrolytic decomposition is 
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very fast and only lasts between a few seconds and a few minutes (for example 10 sec. to 10 rmn.). 
Therefore* it is applicable both for a discontinuous and a continuous process during which die object (a tape, 
a filament or a series of objects arranged on a conveyor) is successively inrunersed in the solution, dried and 
heated by passage in a furnace at the selected tempemture (uveiything being in inert atmosphere). 

The amorphoas deposit obtained at api^xtmately 600 - SOO^C can be crystallized by heating at a higher 
lemperature: for example at approx. 1 100 - ISOO'^C it is converted to hexagonal BN which, because of its 
structure, shows properties uiat are different from those of the amorphous layer, but which are also 
interesting from the industrial point of view. 

Among the metal and mineral substrates that are suitable for the implementation of the present invention, 
one can mention articles with a surface made of a metal such as Ti, Mo, Fb, Mn, Cr, Co, Ni and other usual 
metals. On more noble metals, such us Cu, Ag, Au, Pt, Pd, etc., the application of the procedure is also 
possible, but the adherence is less satisfactory. As mineral substrates, one can mention AI2O3, SiOa, ZrO:, 
glass, sandstone, ceramics, hard metals, metal borides, carbides and nitrides, etc. 

The examples below illustrate the invention in detail. 
Example 1: 

In a standard quartz container were placed, under nitrogen protection, 100 g of liquid borazine that had been 
submitted to exposure to sunlights After a few days, nitrogen disdllation was peifonned, which sullied 26 
g of non-distiliable solid, the voladle portion being the boraane. This solid comprised a mixture of 
borazanaphthalene, biborazinyle and a low quandty of oligomers with higher molecular weight, whose 
structure was not determined. 

Similar results were obtained by shorter exposure to a IfV lamp that supplied a flow of 20 W/cm at a 
distance of 30 cm. In the presence of traces of transidon metal compounds, the oligomerization time was 
shortened even more. 

Example!: 

25 g of the solid obtained as described above were dissolved under nitrogen protection in ISO ml of dry 
benzene, and in this solution was immersed a bundle of approximately 20 g of alumina fibers with a 
diameter of 20 - 40 p m. This hank was remov^ from die solution and nitrogen-dried at 30 - 40*^C imtil the 
solvent disappeared completely. 

These fibers covered with a thin film of solid borazinic conq>ounds were then rapidly heafed at 800°C in 
nitrogen atniosphere, in an electric furnace. After a few minutes at this temperature, the hank was removed 
and the presence of a homogeneous film of amorphous boron nitride was observed on the fibers after SEM 
analysis. The thickness of this film was apptpximaiely 0.S ^m. By repeating this example with solutions of 
borazinic derivative having a concentration that varied between 2 and 35% per weight, similar films were 
obtained, with a thickness between 0.1 and 2 pm. Similar results w^ obtained on other substrates, for 
example fibers or wires made of Si02, Fe, Ni. 

By heating at l25pX, the amorphous coating of part of tliese fibers was converted to adherent, insulating, 
non-porous hexagonal boron. 

Examples: 

Under riitrogen protection, 25 g of borazinic solid were dissolved, as obtained p^ the description in 
Example 1, in 150 ml of dry toluene and in this solution was immersed continuously a silica optic fiber 
which was then dried under dry nitrogen at 60 - 80**C, until the solvent was completely eliminated. The 
surface of the fiber covered with a thin film of solid borazinic compoxinds was then rapidly heated at a 
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temperature between 600 and 800'*C A protective film of amorphous boron nitride and having a thickness 
on the order of 0.4 micron was obtained. This layer ensures protection against reagents, in particular against 
water, taking into consideradon the hydrophile character of the layer. TTie layer also ensures a mechanical 
protection and gives the fiber a low coemcieni of friction, which is very important for the manufacture of 
optic transniission cables. 

Example 4: 

Under nitrogen protection, 20 g of the solid were dissolved, as obtained per the description in Example 1, in 
trichloroethylene. This solution was gun-sprayed over the surface of a gla^s plate (a metal or ceramic 
surface could also be used) maintained at SO^'C After complete disappearance of the solvent, there 
remained on the surface a thin film of solid borazinic compounds. The substrate was then heated at 
tempenitures between 600 and 800°C and a layer of amorphous silica nitride w&s thus obtained. 

By heating at 1250^C, the amorphous coating was converted to adherent, msulating, non-porous hexagonal 
boron. 

Examples: 

The same procedure as in Example 4 was followed, but instead of heating the entire substrate at a high 
temperature, a laser beam was directed over one portion of the latter, so that it only heated locally the fme 
film of solid borazinic compounds that covered it. A beam of electrons or ions can also be used. Thus was 
obtained, locally, a layer of adherent, insulating, non-porous hexagonal boron nitride. By inunersing, under 
protective atmosphere, the substrate in the solvent used to dissolve the borazinc oUgomer, the layer of 
borazinic compounds that were not transformed in BN by the laser beam was eliminated. Usins this 
technique, on the substrate was deposited a layer of adherent* insulating, non*porous hexagonal boron in the 
shape of an area of pre-established defined design. This technique can be also appU^ to metal, glass, 
ceramic and other substrates. As a consequence, this technique is of great interest in the field of electronic 
microcircuit manufacture. 
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REVENDICATIONS 

1. Proccdc pour obtcnir sur un subsirat tin rcvcicment dc nitrure 
dc bore homogcne. caractcrisc par Ic fait qu'on applique sur cc subs- 
irat une couche d-un derive non volatil ou faiblcmcnt volalil dc la 
boraanc. puis qu on chauflc cc subsirat dc manicfc a pyrolyscr 
ladiie couche et a la transformer en BN avec depart d-h>-drbgcnc. 

2. Procedc luivant la rcvendication 1; caractcrisc par Ic fait 
qu on chauffc le substrai cntre 600 ct 800 C. Ic BN obienu ayani 
une structure amorphe rcsistante a la corrosion. 

3. Procedc suivant la rcvendication 2. caractcrisc par Ic fait 
quensuitc on chauHc la couche de BN amorphca IIOO.I306'C dc 
maniere d la convertir en BN hexagonal. 
' 'a rcvendication I. caractirisc par Ic fait que 
le denyi de la borazine est un oligoihere dc cclic^i. solide a la tem- 
perature ambianle. .. - 

5. Procidi suivant la rcvendication 4. caractcrisc par Ic fait que 
I ohgomere est un dimire choisi parmi le biborazinylc ct Ic bbraza- 
naphulcnc ou un melange dcceux-cl.. 

ProcWi suivant la rcvendication I, caractcrisc par Ic fait que. 
pour effcctuer Papplication. on trempc le subsirat dans uric solution 
du ou d« composes boraziniques dc maniere que sc forme a la 
surface de cc substrai une couche dc cctte solution, puis on cvaporc 
Ic solyant dc ccllc<i dc manicfc a laisicr un film dc composes borazi- 
niques solides sur la surface dc cc subst rit. . 

7. Procedc suivant la rcvcndicatibn J. caractcrisc piir lc fait 
qu on pulverise la solution du ou des composes bomziniqucs sur Ic 

substrai maimcnu a uric temperature suifisantc pour pfovoqucr 
1 evaporation du solyant ct former d la surface du subsirat un film 
mince de composes boraziniqueis solides. 

8,. Procedi suiyint la revendicatioh 6. caractcrisi par Ic fait 
qu on iiiilise. pour ladiie solution, un solvant organiquc choisf 
pamii les.solvants afomatiqiies tels que benzSnc. toluene, xylene, 
etc.. des ethers tels qu? tftiahydrofuranne. dioxanne. diglymci Ct dcs 
sol,^n|sqh^rc,iebqucCHq,.CH,ai.,richlorcthyie^^^^^ 

5». Procede suivant la rcvendication 8. caracidnsc par Ic fait que 

tet'deSSJi*"'^"*'*"^^ 

(©.^Procede suivant la rcvendication 2. caractcrisc par Ic fait 
qu ondinge sur le substrai, et ccia par balayagc suivant un dessin 
preeiabli. un faisceau cnefgctique. laser, electrons ou ions, de 

maniwca produiit. sur la zone attdnte. un echauffemeht local 
transformant lc film boraziniquc en BN. puis on dissout: par un 
solvant. Ic dcnvc boraziniquc non traiisforinc. Ic subsirat conscrvant 
a tors a sa surface une zone recouverte de nitrure de bore conforme 
au dessin onginaL 



.DESCRIPTION 

un ii'l'ir'^S'''^''**'? * P°"'«''j« »•> P'«:«<«* Pbur fortner. sur 

V ^'^ ""™""*« '«"«ant i la corrosion par le$ 
agcnud>w„q„cs et atmospMriqiies. Cc film, non conducteur. dur. 
SToS.,!!? '""P^"""'" i I'air. agit commc revelcmcnt 

prot««teurdunegrande variety desubstrats.deprererencemeialli. 
ques ou mineraux. - - 

Denombreuses techniques pour efrcctuerun lei depot sont 
connuesdeparretatdelatechmquc. ' ■ 

..Tri^^^o Lalwratoire dcs Ultra-Refrac- 

U^cs du QIRS. F. 66120 Font-Romeu. 1979) et dc rhexachlorobo- 

^ '^I'J^.T'^' " Less-Common 
Metals«(l981).||^ll8J.pn>utausrf 

If^ri,^?"' rammoniac (H.O. Pierson e, oL). Proceedings 
^ ?,!, fn"" ^ CVD. 71,6 Electrochemical Soc 

fiifi '!^°f«<'i''8S Series. Princeton. NJ. (1979). USA; US-A- 
rl!, des composes de bore ct d'azote lels que irifluo- 

rotnmeihylaminoboraneet dibrbmodipropylamlncborane (E.A. Ba- 



labaiuna . / u/.. Russian J. oflnori;. Chcm. .V (7). I9S0 Enulish 
•ransbtion. 995.996|. On a cgalcmcnt procWc p:ir docompoti.ion dc 
la borazinc. sous forme dc vapcur (A.C Adams. J. Elocirochcm 
Soc. /-^*(198l). l.^78-l379Joudcplasma|S.Sh:,nf.cldrr«/ 
■ G. Vac. Scii Tcchnol. A I (2). April-June 1983. 32.1-324J 

Lcs films dc BN son I utiles commc diclcciriquwcn microclcctro- 
mquc. commc proiccicurs conircia corrosion dans dcs disposiiifs de 

I Industrie chimiquc. amsi que commc rcnforcatcurs ct protcctcurs 
de fibres dc verre ou de ceramiqucs dans les telecommunications ct 
III matenaux composites, 

'-fs<!'«reren'es techniques d-obtenlioncvoqu^^^^^ 
tent dcs inconvenients lies a ririsubilitc des produits dc depart ainsi 

qu a I obhgauon d ppcrer en phase vapfeur dans des conditions bien 
conirolees qui exigent rutilisation de cellules de reactions rdfractai- 
•J res chauirc« a temperature elevcc ainsi quede dispositifs de vapori- 
s«.pn des react:fsrelai,vement compliques. II 6iaii doncdisirable dc 
disposcrd un proccdisimplifiedans Icquelon fail intcrvenir un 
compose dc bore et d'azote suflisamment stable pour pouvoir etre 
applique directcmcnl sur robjet d rcvStir. cclui^i ciant cnsuiic sim- 
» picment chaure a unp temperature suflisanic pour provoqucr la dc- 
composition pyrolyiique dudit compose en unc couche homogcne ct 
rcsisiantcd la corrosion dc nitrure de bore. b 

Un tel procedc est difini a la rcvendication I. La borazinc mdno- 
mere est un hquidc a Icmpcraiurc ambiantc ct sa prcssion dc vapcur 
25 est clcwe. En consequence, un film de boraanc tiquidc obtcnu sur 
un subsirat par trcmpagc s'cvapbrc bicn avani que la temperature de 
pyrolyse soil altciiile ct mcme en autoclave; les pcrtcs dc produii 
soni trop importanlcs pogr qu'unc telle technique soil exploitable 
Par conlrc. en utilisant un dcriv6 sblidc pcu volaiil dc la borazine 
». par cxcmpic un oligomdrc tcl que le biborazinylc ou le borazanaph- 

talene, ou d« melanges dc CCS corps, cct inconvfinicnl disparafr. 

Pour preparer de Ids derives dc la borazine. on pcut irradier 
ccllc-ci en phaseyapcuraumoyerid-unc source aciiniqtic IM.A. 
« dX« r ■^^"y^^- !*«J. ccqui proyoquc la formalion 

» de JvcrsoligomcrcsouirelesdimdresprW 
polymenscr la borazinp par la chateu; (voir A. Uubcngayer et al.) 
Tpuscestorps sqnt utinsables dans la pr&cnic invention, p^^^ ' . 
autanl qu ils soient solubles en milieii organiquc volaiil. On pcut 
egalcmcntuuliscr des derives alooylcs dcces oligomcrcs [voir G.A. 
*> Klme Inorg. Chem../tf (1977). i l].v 

Hp'^sctI 'nventcura.de plus, trduve que lcs oligomeresde la 
borazine sont preparaWes par.irradiation de la borazini: liquide. les 

radiations utiles se situant dahs Ic visible et ruv. Dcs traces de 
_ metaux dc transition (Cr. Fe, Mo. W, etc.) pcuvcnt caialyscr uiie 
-li telle reaction. ..... . 

r..^!!' «"vre 'a presehic invenlion.on procedc de prefe- 

rence commc suif.: on prtpare une^olution di, 5u dcs composes bo- 
raziniques solidesdans un solvant organiquc neutrc. par exempi? 
benzene. oluane. dioxanne. THF.etc:.et.dans« 

* «vc«r. Ce«e technique presenie ravahtage c;nsidc- 
rable dc rendre acccssiblcs au produit de rcvcicment lous les cic- 
ments de la surface, dc I'objct cohsidcrc. fussenHls m£mc diffidlc- 

roent att«gnable$ par lcs rfcactifs gazpux dans lecas d'application 
d« techniques de revct'ement habituclles. Puis on retire rdbjet dc la 
Si solution el. apris igouttagc. on fait cn sorte que Ic solvant s'eva- 
porc. ce qui laisse, a la surface del-objct. une mince pcllicule du 
denve bonizinique solide. La concentration cn dirivc borazinique de 
la soluuon pcut ctre quelconque; plus die esi elevcc. plus la pdliculc 

« ^?„'"r r.'c!:^'*"''?" ^'"^^ Pratiq^nicnt. dcs concenlra- 
M lions de 5 a 50% conviennent. 

On chauffc ensuite I'objct dans un four sous atmosphire cohlro- 

ice. par exemple sous azote pu argon a une temperature suflrtsanie 

pour provoqucr la pyrolyse du depot ct sa conversion cn BN avec 

« t?,^l A^1^^l^'^'' «emperalure se siluedc preference dans la 
« gammc des 600-800' C. cc qui foumit u.. d6p6t amorphe. homoginc 
et resistant a la corrosion par 

rosifsusucis (HF. acidcs. mineraux ct organiqucs. hydroxydes alca- 



L;i couchc boraziniquc clant (res niimv (ilc IVrdrc do quelqucs 
jirri a environ 500 pm). sa docomposiliiui p>rol)liquc est ires rapidc 
ci nc dure, cn fait, que quelques secondcs \ quclques minuics (par 
exemple 10 $ a 10 min). Elle s'applique done au.ssi bien a un proccs. 
sus discontinu que coniinu au cours duquci robjct (un ruban. un fi- 
lament, ou unc scrie d'pbjeis disposes sur line handc iransportcusc) 
est, suecessivcmeni, trempe dans la solulioii. jt^che cl chau/Ic par 
passage dans un four d la temperature considercc (Ic tout en atmos- 
phere inertc). 

Lc depot obtchu vers 600-800 ' C, aniorphc. pcut ctrc crisiallisc 
par chaufTage a unc temperature plus clev^c; par cxcmpfc vers 1 100- 
1300 - C, II sc transformc cn RN hexagonal qui, dc par sa structure; 
prcsentc dcs propricics difr&rcntcs dc cclici dc la couche amorphc. 
mais cgalemcm imcrcssantcs induslncllemciil, • : 

Parmi lc$ substirats mctalliqucs cl minfruux $c prclanl a la misc . 
cn ofuvrodc la prcscntc invention, on pcul cilcr dcs articles compor- 
lant unc surface d'un metal icl quc Ti, Mo, l-c, Mn. Cr. Co, Ni et 
auires mclaux usuels: Sur dcs mctaux plus nobles Ids que Cu, Ag. 
Au. Pt. Pd, cic, Kapplication du proccdi wt igalcmcnt possible, 
mais radherence est moins satisfaisantc. Commc subsirais mine- 
raux, on pcut ciier AI.Oj, SiO, ZrO;. Ic vcr rc. Ic grds, Ics ccrami- . 
qucs, les meiaux durs. les borures. carburcit. nltrurcs mclaliiques, 
• etc. .- ■ . . ; 

Les exemples qui suivcnt illustrciu rin version. en detail. 
Example I: 

Pans un recipient standard cn qiiari/. on a place, sous prblcc- 
tion d azote sec, IQO g dc borazinc liquidc qu'on a soumisc a irradia- 
tion par la lumicre solaire; Apres quclques JcHiri. on a proccdc a unc 
distillation sous azote, cc qui a fourni 26 g dc uolidc non di'stillablc. 
la portion volatile ctani consliiuec dc bom/liic. Cc solidc consisic cn 
un melange dc borazanaphtalcnc. dc biborazinylc ct d*unc faibJc 

. quaniiic d'oligomcrcs dc poids molcculairc plus clcv6. dont on n'a 
pas determine la structure, ' . . • ; . 

On a obtenu des rcsultals similaircs par irradiiiiion dc plus 

. courte durce au mOycn d*unc lampc U V fournissant un flux dc 
20 VV.^cm a unc distance dc 30 cm. En pr&icnce dc traces dc compo- 
scs dc meiaux dc transition. Ic temps dVligomirlsaiion est encore 
raccourci. 

Excrnple 2: 

Sous protection dazotc, on a dissous 25 g du solidc lef qu*ob- 
tenucomrncdccrit d-dcssusdans ISOmldc bcnrinc sccct. dans 
ccite solution, on a immergc un faisccau d'cnvlroh 20 gdc fibres 
d'alumine d'un diamctrc dc 20-40 jim. On n rctW ccl cchcvcau dc la 
solution cl on Ka scche sous azote i 30-40'- C Jusqu'd disparili'oh 
complete du solvant. 

On a alors rapidemcni chauflS d 800" C, cn almosphirc d'azole. 
CCS fibres recouvcrtcs d'unc mince pclliculc dc composes borazini- 
ques solides dans uii four cicclriquc, Aprds qudqties minutes a ccttc 
temperature, on a retire rtchcvcau d, par analyse SEM. on a cons- 
taic la presence sur les fibres d^un film homogdnc de nttmrc dcl>orc 
amorphc. L>paisscur dc cc film etait dVnvlron 0.5 nm. En rcpctani 
cct exemple avcc dcs solutions dc derive borazlnlquc dont la conccn- 
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iraiion variaii entre 2 cl 35% en poids. on a oblcnii dcs films sinnhii- 
res dont Icpaisseur variait cnlrc 0,1 et 2 pm. On a obtenu dcs rcsul- 
tats similaires sur d'auires substrats. par exemple dcs fibres ou fils de 
. SiO^, Fc, Ni. 

5 Par ChaufTage a 1250' C. on a convcrti Ic rcvclcmeni amorphc 
d*unc panic de ccs fibres en nitruredc bore hexagonal adherent, 
isolant et hon porcux. ' 

. Exemple 3: 

10 Sous protection d'azotc. on dissoul 25 g du solidc borazinique icl 
qu obtenu commc dccrit a Pcxcmplc I dans 150 ml dc loludnc sec cl 
dans ccitc solution, on immergc de facon continue unc fibre optiquc 
dc sihcc qui est cnsuitc scchcc sous azote sec d 60-80" C jusqu'a eli- 
mination complete du solvant. Par la suite on chaufTc rapidemcni la 
15 surface dc la fibre rccouvcrtc d'unc mjncc pclliculc dc composes bo- 

razimques solides cntrc 600 Cl 800^ C. On obtiem ainsi un film pro- 
tccteur dc niirure dc bore arnorphe d'unc 6pal5scur dc Pordrc dc 
0,4 micron, Ccttc couche assure unc protection conire les agents chi- 
miquesel en particulicr coritrcrcau.comptc icnu du caractcre hy. 
drophile de la couche. De plus, la couche assure 6galcmcnt unc pro- 
tection mccaniquc el confcre a la fibre un cocfiicicnt dc friction pcu 
cicve, cc qui csl d/un grand intcrct pour la confection dcs cables de 
transmission optiquc^ 

Exemple 

Sous prolcciion d'azotc, on dissout 20 g du solidc Icl qu'obicnu 
commc dccrit a rexcmpic I dans Ic trichlorclhylenc. Ccttc solution 
est pulvcriscc au moyen d'un pisiolel a la surface d'unc plaque dc 
verrc (on pourrait aussi utiliscr tin metal ou unc ccramique) mainic- 
.10 n"c a Apres disparition complete du solvant, il resic sur la 
surface du subsirat unc mince pclliculc dc composes boraziniqucs 
sohdes. On chauffc cnsuitc Ic substrai d des temperatures comprises 
cnirc 600 Cl SOQ-^C ct on obtient ainsi unc couche dc niirure dc sili- 
cium amorphc. • 
« . Par ChaufTage a 1250** C, on cbnvertit Ic rcvcicrhcnt amorphc en 
nitrurc de bore hexagonal adherent, isplani et non porcux. 

Exemple 5: 

On proccdc commc dans Tcxcmplc 4, mais, au lieu dc chaufTcr 
40 tout le substrat a haute tcmpcralurc, on dirigc un faisccau laser sur 
unc portion dc cclui<i, dc maniirc d nc chauffer que localcment la 
fine pclhcule dc composes boraziniqucs solides qui Ic recouvre On 
pcut aussi utiliscr un faisccau d'dlectrons ou dions. On oblienl ainsi 
Jocalemcnl, unc couche de nitrurc de bore htxagonale adhcrente, 
45 isolante et non porcuse. Eri immcrgeant, sous almosphdre protec- 
tncc, le substrat dans Ic solvant utilise pour dissoudrc roligomcrc dc • 
borazinc. on climinc la couche dc compoiscs borazJSqucs non trans- 
formes en BN par le faisccau laser. Avcc ccttc technique, on depose 
ainsi sur le substrat une couche de nitrurc de bore hcxagohale adhc- 
50 rente, isolahtc ct noh porcuse sous la forme d'unc zone dc dcssin 
dcfini prcetabli. Ccllc technique pcut s'appliquer cgalcment a des 
substrats mctalliqucs, vitreiix, ccramiques cl auires. Ccttc technique 
olTre. en consequence, un grand intercl dans Ic domainc dc la fabri- 
cation de microcircuits clectroniqucs. 
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